SUMMARY The ability of bacteria to adhere to the epithelial cells of hosts has been shown to be mediated by adhesins. Many of these show readily demonstrable haemagglutinating activity. Of 109 Escherichia coli strains isolated from patients with symptomatic urinary tract infection, 11 (10. 1 %) were identified by their haemagglutinating properties as being P fimbriated, which was confirmed by the latex bead test. Other classes of adhesins, termed X and "other", were found in mannose resistant haemagglutinating E coli strains, which represented 4.6% (5) and 0 9% (1), respectively, of all the strains.
Type 1 fimbriae were found in 40Y4% (44/109) of E coli strains grown on colonising factor agar (CFA) medium. This incidence was 12.8% higher (53.2%, 58/109) when the strains were grown on CFA supplemented with urea, which suggested that urea may modulate the expression of type 1 fimbriae. Conversely, this phenomenon was not seen in P fimbriated E coli.
Assays using trypsinised and non-trypsinised human erythrocytes showed no difference in the percentage of strains that haemagglutinated.
Regarding the clinical correlation of fimbriated E coli strains, the X mannose resistant haemagglutinating adhesins were also found to be of clinical relevance. P fimbriated E coli strains were isolated from five out of the eight patients with pyelonephritis.
Adherence to the host's epithelium has been recognised as an important initial step in bacterial infection. It is often mediated by fimbriae that recognise specific receptors in the epithelial cells, as has been shown with Escherichia coli.' Some types of fimbriae are well known, as is the cell receptor responsible for their attachment. The most common, type 1, fimbriae bind cellular receptors that contain a-methyl-mannoside, and P fimbriae bind to neutral glycolipids of the globoseries, including globotetrasylceramide (minimal active receptor is a-D Galp(l-4)-fi-Galp).2 The virulence ofE colithat causes pyelonephritis has been reported as being mediated by P fimbriae.345 Other types of fimbriae have been described,67 but their role is still under investigation.
A practical approach to studying the various types of fimbriae is to evaluate either their haemagglutination capacity or the competitive inhibition of the The aim of the present study was to investigate in our patients: (1) either the incidence ofthe P and other types of fimbriated E coli strains or their clinical correlation with various forms of urinary tract infection and (2) the fimbrial "shift" phenomenon, which is mediated by urea. After these preliminary studies, we undertook some experiments to analyse the influence of urea added to the growth medium, as suggested by Ofek and Maayan.'2 To do this we grew the E coli strains on CFA and on CFA supplemented with 0.25% urea. Table 2 shows that 13% more guinea pig erythrocytes agglutinated with strains grown on CFA medium and urea than with the same strains grown in urea free medium (x2 = 3-1 1; p > 0 05). Moreover, bacteria grown on CFA medium and urea produced more evident haemagglutination. To investigate the ability of urea to induce the type 1 gene expression in P fimbriated E coli, 11 strains were cultivated by 15 consecutive passages on CFA medium with and without urea. Three out of the 11 P fimbriated strains also harboured type 1 fimbriae. The haemagglutination test performed using guinea pig erythrocytes showed that only these three positive strains were also positive after passage in medium that contained urea. Regarding treating erythrocytes with enzymes, the numbers ofE coli strains that showed haemagglutination activity were 54 (49.5%) for non trypsinised and 51 (46.8%) for trypsinised human erythrocytes. With trypsinised erythrocytes stronger reactions were observed, but this method yielded three strains lacking haemagglutination ability. Table 3 shows the types of mannose resistant adhesins classified on the bases of the results of agglutination tests. Eight (7.3%) of the 109 E coli strains were P fimbriated, X adhesins were found in five (4.6%), and "other" adhesins alone in one strain. Strains can express various types of fimbriae, which makes their classification difficult. Three strains harboured type 1 and P fimbriae, and 19 (17.4%) harboured "other" and type 1 fimbriae. Table 4 shows the clinical correlation between the type of adhesin and level of urinary tract infection. In our paediatric population three children (one ofwhom had vesicoureteral reflux) were affected by pyelonephritis caused by P fimbriated E coli, three were affected by pyetonephritis caused by strains harbouring X fimbriae, and four had cystitis caused by type 1 fimbriated strains. The two pregnant women with pyelonephritis were colonised by P fimbriated E coli. From the other patients with cystitis, of both sexes and all ages, we isolated the following strains: three autoagglutinating, 34 without demonstrable haemagglutinating activity, one with "other", and 58 with type 1 or mixed types of fimbriae. 
Discussion
The incidence (53.2%, 58/109) of the so-called "common", type 1, fimbriae that are apparently unrelated to the virulence of E coli was lower than reported previously.'3 The incidence of P fimbriated strains (10%), however, was similar to their epidemiological distribution in Europe.'4 A clear correlation was established by Svenson et al between P fimbriation and its high incidence (more than 90%) in E coli strains isolated from children with acute, febrile, and nonobstructed pyelonephritis.'5 In our paediatric population, however, the incidence of P fimbriation (50%) was lower than that reported by other authors.'5'6 Those authors indicated incidence of 10% for X adhesins and 5-2% for "others", but in our patients the incidences were 4-6% and 0.9%, respectively. If mixed fimbriae were considered, the incidence of "other" adhesins rose to 18-3%. X fimbriated E coli strains were found in three out of eight patients affected by pyelonephritis (37.5%). According to other authors, these data suggest that mannose resistant adhesins may play an important part in human pyelonephritis. 6 Ofek and Maayan found that Klebsiellapneumoniae can shift from a non-fimbriated to fimbriated phenotype, depending on the presence of urea in the growth medium.'2 We also studied the activity of urea in modulating the haemagglutination properties of our E coli strains. Such a phenomenon was appreciable (40.4% versus 53.2%) in strains haemagglutinated with guinea pig erythrocytes, although this difference was not significant. Our findings indicated that this effect seemed to be limited to only the strains that were genetically able to produce type 1 fimbriae. That was because no P fimbriated strains became able to agglutinate guinea pig erythrocytes, even when grown in medium with urea, which suggested that urea did
